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IMPROVING RECEIVER SIGNAL-TO-NOISE RATIO 


By Clayton F.Bane, W6WB. 


Several months ago | started a project 
whose purpose was to determine various ways, 
means and methods for arriving at the best 
possible signal-to-noise ratio in my 75A1 
receiver. Dozens of carefully conducted tests 
were made on various receiver elements, front 
end, |.F. and audio with the ultimate result 
that certain modifications were clearly in 
dicated. The results obtained after these 
Changes have proven so worthwhile that | feel 
they should be passed along to others. This 
particular story will not deal with the sev— 
eral possible front-end improvements which 
have been well covered by ourselves and many 
others, but rather with a somewhat different 
attack on the signal-to-noise problem. It was 
definitely decided early in the game that a 
6AK5 RF stage with reasonably high Q tuned 
circuits and with input impedances carefully 
matched could provide sufficient gain ahead 
of the first mixer to greatly minimize mixer 
noise, Therefore if the remaining noise was 
substantial, (and it was) such noise must 
necessarily be generated in stages past the 
first mixer. Readers who at this point ant- 
ic¢ipate strange and wonderous outboard gage- 
try and radical tube and circuit changes are 
going to be disappointed. The changes are 
minor and very simply accomplished. 

The primary reason for using a super— 
heterodyne receiver is to provide selectivity 
not sensitivity. Since the ability of a tuned 
circuit to discriminate against a signal 


somewhat removed from its resonant frequency 
is a direct function of frequency, the lower 
the frequency, the better the discrimination 
The complexity of this type of receiver being 
what it is, we thus find it necessary to use 
perhaps fifteen tubes to produce a certain 
audio voltage from a given input signal 
whereas, if selectivity were not a consider— 
ation, two tubes could do the same job, (It 
has always annoyed me to think that a single 
regenerative detector could readily provide 
amplification a thousand times greater than 
my good, 6AK5 first RF stage. |n any Case, 
each tube that is added to the I|.F. or mixer 
stages will contribute a certain amount of 
noise and it is significant to note that this 
noise will increase with increasing stage 
gain.This factor was very emphatically 
brought to my attention during measurements 
made on my receiver wherein | found that the 
noise ratio was always better when the RF gain 
control was retarded and the audio gain ad— 
vanced to maintain the same output level. 
Putting this another way the internal noise 
contributed by the |.F. and second mixer 
stages decreased as the RF gain control was 
retarded. Here then was the lead we had been 
looking for but two factors involved pre— 
vented us from carrying this idea to the 
point where the noise contributed by the |.F. 
(and second mixer) tubes was negligible. 

As the RF gain control is retarded the 
|.F. stage gain decreases but so also does 
the front RF gain since all are on the same 
gain control.The desirable thing is to reduce 
the |.F. gain but to maintain the RF front— 
end gain at the highest possible level, i.e. 
with lowest permissible operating bias. 
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Suppose then that this first RF was removed 
from the I.F. biasing control circuit and 
permitted to run “Wide open*® at all times 
By this we do not mean zero bias but rather 
a minimum value, perhaps two to three volts 
of fixed cathode bias. Let’s not worry too 
much about strong signals driving the RF stage 
into grid current under these fixed operating 
conditions. Even taking into account the RF 
voltage step—up from antenna to grid circuit, 
a tremendous input signal would be required 
to overcome a fixed, two volt bias on the 
grid of the first RF stage. Concern about 
grid current on strong signals is very valid 
however when the following stage, the mixer, 
is considered. Voltages appearing on the 
mixer grid may be many times greater than 
those on the RF grid, (due to the RF stage 
gain) and mixer grid current is a distinct 
possibility.Grid current here produces highly 
undesirable blocking and cross—modulation 
effects which can be eliminated, (or at least 
greatly minimized) by increasing the bias on 
the mixer, (desirable) or the bias on the RF 
stage ahead of the mixer. (undesirable) Thus 
if we are to have no control on the input RF 
stage, we must necessarily provide a bias 
control for the mixer. 

Assuming that the RF stage has minimum 
bias at all times, best signal-to—noise ratio 
will be achieved with the |.F. gain set to 
its least possible level. This introduces a 
very practical difficulty in that the audio 
gain must then be advanced to compensate for 
loss in audio level and the point will ulti- 
mately be reached where one comes to the end 
of the line. The "Roar and thunder" technique 
that has gradually crept into amateur rece— 
iver operating practice has largely relegated 
the earphone audio level to a secondary pos— 
ition. This is evidenced by the fact that 
most earphones in common use have nominal 
impedances at 1000 cycles of 5000 to 20,000 
ohms. There is obviously a bad loss of audio 
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The Electro-Voice Mobile demonstration unit is 
a high-fidelity show on wheels. The 1850 cubic foot 
interior of a 12,000 pound CaraVan with a 38 foot 
trailer (The largest model Fruehauf furniture van 
made in this type) pulled by a Chevrolet cab-over- 
engine tractor, has been architecturally and decor- 
atively designed to simulate rooms in a home or 
studio. 


In this Audio CaraVan, you will see and hear 
Electro-Voice furniture styled Klipsch-Licensed 
folded horn corner cabinets and the new cornerless 
corner cabinets....speakers and speaker systems... 
fed by broadcast quality recording equipment and 
play-back units, and with a console switching sys- 
tem that enables you to make your own listening 
tests. Here too you can actually test various 
Electro-Voice microphones used in all possible 
applications. All in all, a show that anyone who 
is interested in audio just can't afford to miss. 
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and in practical receiver operation this loss 
in audio is usually Compensated for by ad— 
vancing the RF, (1.F.) gain control, a step 
in the wrong direction since more |.F. gain 
means more noise. The significant point is 
that an advance in either |.F. or audio gain 
will make a given signal stronger but audio 
gain introduces no internal set noise, |.F. 
gain does. The first step in bettering the 
signal—to—internal-set noise ratio is to in 
crease the audio capability by working the 
output, audio amplifier into something ap— 
proaching a matching impedance. 

When the |.F. gain is greatly retarded 
and the audio gain fully advanced, (and im 
pedances matched) it is not at all unlikely 
that audio hum, previously masked by |.F. 
hiss, will become very evident. Such hum-is 
normally not due to power supply ripple but 
rather to inductive pickup in the low-level 
audio grid circuit and any corrective meas— 
ures will mean digging into the receiver. 
We use @ Simple audio filter which broadly 
peaks around 800 cycles but which provides 
substantial attenuation to the Tower audio 
hum frequencies. An FL-8 might do the job 
but mismatch to the filter itself can undo 
the job done in matching the output of the 
receiver to the load. 

The BFO must surely come into consider- 
ation when any attempts are made to min— 
imize internal set noise, since it beats 


with all noise components to produce audible 
Produced by C.F.Bane Advertising 


LELTRIL 


140 - 11TH STREET, 
OAKLAND 7, CALIFORNIA 


signals. {t will be noted that the dominant 
pitch of the receiver background will change 
as the BFO control is shifted from zero to 


plus or minus 1 kc. 
= 


; a 
My experience indicates that the BFO will © 


be set close to zero for the least object— 
ionable background. As the dominant pitch 
becomes lower in frequency the audio filter 


tends to attenuate it still further. Everyone 


will recognize of course that setting the BFO- 
near zero beat is surely not the optimum set— 
ting for "Single-signal" reception but | pre— 


sonally have found that low internal back— ~ 


ground noise is far more important than high 
attenuation of one side of the sidebands. 
The crystal filter is always at hand to pro- 
vide a rejection notch for interfering signal. 

The "How to do it" aspects will be trea— 
ted in a subsequent issue since matching 
receiver output impedances, simple audio fil— 
ters, noise limiters,, effects of band width, 
all are properly part of this story. The 
point that | have tried to get over is that 
your present communications receiver may be 
Capable of far better set noise—to-signal 
ratio than you realize. The basic steps are 
simple: (1)—Remove front RF from |.F. gain 
control. (2)-Install mixer gain control. (See 
Tecnews April 1951) (3)-—Match front-end im 
pedances. (Tecnews Dec.1951) (4)—Match output 
audjo to phones. (To Come). 


Check your last months Tecnews.. . R7-R8~-R9 and 
RIO should be 100 ohms each...NOT 100K. 
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